Primary small cell carcinomas of the uterine cervix are uncommon but highly aggressive malignancies. The recent observations that c-kit proto-oncogene, a tyrosine kinase, is overexpressed in small cell lung cancers and that advanced c-kit-expressing gastrointestinal stromal tumors were successfully treated with a selective tyrosine kinase inhibitor STI-571 (Gleevec, imatinib mesylate) prompted us to investigate c-kit protein expression in cervical small cell carcinomas. Using a polyclonal antibody against c-kit protein (CD117), our immunohistochemical studies demonstrated a cytoplasmic staining in six of 22 cases (27%) of cervical small cell carcinoma. However, in five of these c-kit-positive cases, the immunoreactivity was focal and/or weak. Only one case (5%) exhibited a strong and diffuse staining pattern comparable to that seen in gastrointestinal stromal tumors. This was in contrast to small cell lung cancers where a positive staining for c-kit was observed in nine of 14 cases (64%) included in the study for comparison. Among them, five (36%) exhibited a strong and diffuse staining pattern. These results indicate that overexpression of c-kit protein is an infrequent event in small cell carcinomas of the uterine cervix. In comparison with small cell lung cancers, the findings presented in this report may reflect the difference in etiopathogenetic mechanisms underlying these two types of small cell carcinomas.
The c-kit proto-oncogene encodes a transmembrane tyrosine kinase receptor (CD117) that is structurally related to several other tyrosine kinase receptors such as the platelet-derived growth factor receptors. 1 It is universally expressed in gastrointestinal stromal tumor, the most common mesenchymal neoplasm of the gastrointestinal tract, with only rare exceptions. 2, 3 In fact, immunohistochemical detection of c-kit protein expression has become one of the most important criteria in the diagnosis of gastrointestinal stromal tumor. In the majority of gastrointestinal stromal tumors, the expression is associated with mutations of the c-kit gene, which lead to constitutive activation of the receptor kinase activity in a ligand-independent manner, thus providing uncontrolled growth-promoting and antiapoptotic signals for tumor cells. 4 These observations have revolutionized the clinical management of gastrointestinal stromal tumors. Multicenter trials have demonstrated a partial response in the majority of patients with advanced gastrointestinal stromal tumors treated with STI-571 (Gleevec, imatinib mesylate), a small compound that selectively inhibits the activity of a limited number of receptor tyrosine kinases including c-kit. [5] [6] [7] [8] In addition to gastrointestinal stromal tumor, overexpression of c-kit protein has been reported in several human malignancies, [8] [9] [10] [11] [12] notably small cell lung cancer. A number of studies have shown that c-kit protein is overexpressed in 28-91% of human small cell lung cancer specimens as determined by immunohistochemistry. [10] [11] [12] [13] [14] [15] [16] [17] In contrast to gastrointestinal stromal tumor, the expression of c-kit protein in small cell lung cancer does not appear to be associated with c-kit gene mutations. 17, 18 Instead, coexpression of c-kit and its ligand stem cell factor (also known as steel factor) has been demonstrated in approximately 70% of small cell lung cancer cell lines, suggesting an autocrine mechanism, which may be important for small cell lung cancer pathogenesis. [19] [20] [21] [22] [23] Interestingly, recent studies have shown that selective tyrosine kinase inhibitor STI-571 also inhibits the growth of small cell lung cancer cells in vitro through a mechanism that inactivates the kinase activity of c-kit. 24, 25 These experimental findings may have potential therapeutic implications despite the recent disappointing results of a phase II clinical trial. 26 It should be pointed out, however, that this small trial enrolled only 19 patients, among which five were actually not of small cell type. In the remaining 14 cases of small cell lung cancer, only four (29%) expressed c-kit by immunohistochemistry. 26 The current study was specifically designed to investigate c-kit protein expression in small cell carcinomas of the uterine cervix, a rare but highly aggressive neoplasm. [27] [28] [29] [30] [31] Our results demonstrate that unlike small cell lung cancers, cervical small cell carcinomas did not frequently overexpress this potentially important therapeutic target protein.
Materials and methods

Case Selection
A total of 22 primary small cell carcinomas of the uterine cervix were retrieved from the 1989-2002 surgical pathology archives at Washington University Medical Center. These included 12 hysterectomies and 10 biopsies. Formalin-fixed, paraffinembedded tissue blocks were available for each case. Hematoxylin and eosin (H&E)-stained slides were re-examined to confirm the original diagnosis. For inclusion in the study, a tumor was required to exhibit the typical morphology of a small cell carcinoma identical to that seen in its pulmonary counterpart. 32 In addition, more than 50% of the tumor cells were required to express one or more of the neuroendocrine markers including chromogranin, synaptophysin or neuron-specific enolase by immunohistochemistry. Clinical data were reviewed to rule out the remote possibility of metastasis from a lung or other primary.
In addition, 14 small cell lung cancers and 15 gastrointestinal stromal tumors were included in the study for comparison. Formalin-fixed, paraffinembedded tissue blocks and H&E-stained slides were available for each case.
Immunohistochemical Analysis
Immunohistochemical staining was performed on 4-mm tissue sections employing the LSAB Plus system (Dako Corp., Carpinteria, CA, USA) and the ABC kit (Vector Laboratories, Burlingame, CA, USA) following the manufacturers' instructions with slight modifications. Specifically, deparaffinized tissue sections were first treated with 3% H 2 O 2 for 15 min to inhibit endogenous peroxidase activity and then subjected to antigen retrieval by heating in 1 mmol/l EDTA (pH 8.0) for 4 min. After incubation with blocking serum for 20 min, sections were incubated with a rabbit polyclonal antibody against c-kit (CD117; catalog no. A4502) obtained from Dako Corp. for 1 h at room temperature with an antibody dilution of 1:200. After further incubation with biotinylated link antibodies and peroxidase-labeled streptavidin, the staining was developed by reaction with DAB substrate-chromogen solution followed by counterstaining with hematoxylin. In each experiment, a negative control was included in which the primary antibody was replaced by preimmune rabbit IgG.
Cytoplasmic (with or without membranous) staining was considered positive for c-kit protein expression. Each tumor was scored as completely negative (o5% of the tumor cells positive), 1 þ (5-25%), 2 þ (26-50%) or 3 þ (450%), as well as weak or strong according to the staining intensity where 'strong' was defined as the intensity comparable to that seen in gastrointestinal stromal tumors.
Statistical Analysis
Statistical analysis was carried out employing the SAS system. A P value of o0.05, as determined by the w 2 test or two-tailed Fisher's exact test when applicable, was considered statistically significant.
Results
Clinicopathologic Features of Cervical Small Cell Carcinomas
The patients with primary small cell carcinomas of the uterine cervix included in our study ranged in age from 19 to 79 years (mean 40. 5 years, median 38.5 years). They were in general younger than those with small cell lung cancer, whose ages ranged from 50 to 84 years, with a mean age of 65.7 years and a median age of 64 years.
At the time of diagnosis, 16 cervical tumors (73%) were FIGO stage IB, 2 stage IA, 3 stage IIIA and 1 stage IIIB. One case had regional nodal metastasis and one had documented distal metastasis. The tumor size in 12 hysterectomy specimens ranged from 1 to 12 cm (mean 3.7 cm, median 2.8 cm).
Histologically, small cell carcinomas of the uterine cervix exhibited morphologic features identical to those seen in small cell lung cancers. Typically, the tumors were composed of sheets of small round or ovoid, or intermediate-sized short-spindle cells with hyperchromatic nuclei, no or inconspicuous nucleoli, scanty cytoplasm, and a very high nuclearto-cytoplasmic ratio (Figure 1 ). Nested and trabecular growth patterns with peripheral palisading and rosette formation were appreciated in some of the cases. The tumors also exhibited brisk mitotic activity and individual cell necrosis (apoptosis). Large areas of coagulative necrosis were present in a few cases. In biopsy specimens, crush artifact in tumor cells was evident.
All the cervical tumors included in the study were immunohistochemically positive for at least one neuroendocrine marker, with the positivity frequency being 72, 72 and 68% for chromogranin, synaptophysin and neuron-specific enolase, respectively. The majority of the tumors (68%) were positive for two of the markers, and the remaining cases were positive for one or three markers (9 and 23%, respectively). In the 19 cases where immunostaining for pancytokeratin was performed, seven exhibited a characteristic paranuclear dot-like staining pattern. One tumor was also subjected to electron microscopic examination, which demonstrated the presence of cytoplasmic neurosecretory granules. Table 1 summarizes the results of immunohistochemical studies on c-kit protein expression in cervical small cell carcinomas and compares with the findings in small cell lung cancers and gastrointestinal stromal tumors. As positive controls, all 15 gastrointestinal stromal tumors showed strong and diffuse cytoplasmic c-kit immunostaining. However, there were only six cervical small cell carcinomas (27%) that exhibited variable immunoreactivity to the anti-c-kit antibody. Since c-kit immunoreactivity seen in gastrointestinal stromal Figure 1 Small cell carcinoma of the uterine cervix (H&E, original magnification Â 400). c-kit in cervical small cell carcinomas HL Wang and DW Lu tumors was always strong and diffuse (Figure 2a) , we chose to only consider the cases with a 3 þ / strong staining pattern as truly positive (Figure 2b ), which was observed in only one of 22 cervical tumors (5%). The cases that were either completely negative (Figure 3a ) or exhibited focal (1 þ or 2 þ ) or weak staining (Figure 3b ) were all considered as negative. No detectable c-kit immunostaining was appreciated in non-neoplastic ectocervical squamous or endocervical glandular epithelium present in some of the sections (Figure 4) . The immunohistochemical findings from cervical small cell carcinomas were significantly different than those from small cell lung cancers. As shown in Table 2 , nine of 14 small cell lung cancers (64%) showed some degree of c-kit immunoreactivity and five (36%) exhibited a staining pattern similar to that seen in gastrointestinal stromal tumors characterized by strong and diffuse cytoplasmic positivity.
Analysis of c-kit Protein Expression by Immunohistochemistry
Discussion
The successful treatment of advanced gastrointestinal stromal tumors with tyrosine kinase inhibitor STI-571 has raised the hope that other malignancies could also be similarly treated. One of the potential candidates would be small cell lung cancer since a large subset of the tumors have been demonstrated to overexpress c-kit protein [10] [11] [12] [13] [14] [15] [16] [17] and since in vitro studies have shown promising results. 24, 25 Although the recent phase II clinical trial showed no objective response in a small number of small cell lung cancer patients treated with STI-571, the final answer has to wait for new trials that will include more patients with c-kit-expressing tumors. 26 Primary small cell carcinoma of the uterine cervix is an uncommon malignancy, accounting for 0.5-2% of all cervical cancers. 29, 30 Similar to small cell lung cancer, cervical small cell carcinoma is difficult to manage and usually follows an aggressive clinical course, with death within a few years after diagnosis. [24] [25] [26] [27] [28] [29] [30] [31] Unlike small cell lung cancer, however, the expression of c-kit protein in cervical small cell c-kit in cervical small cell carcinomas HL Wang and DW Lu carcinomas has not been well investigated. In fact, there has been only one study to date that has included two cases of cervical small cell carcinoma. By immunohistochemistry, both cases showed negative c-kit expression.
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In this report, we demonstrate that overexpression of c-kit protein is an infrequent event in cervical small cell carcinomas. Among 22 cases we studied, only one case exhibited the characteristic staining pattern similar to that seen in gastrointestinal stromal tumors, although variable c-kit immunoreactivity was noted in other five cases. These observations thus suggest that the majority of the patients with cervical small cell carcinomas would be unlikely to benefit from STI-571 therapy, even if the future clinical trials for small cell lung cancers were successful.
An important concern on detecting c-kit protein expression by immunohistochemistry is nonspecific staining. This critical issue has been the focus of a number of recent publications, particularly regarding c-kit expression in desmoid fibromatosis, [33] [34] [35] [36] [37] [38] and should also be relevant to the studies on small cell lung cancers. In this regard, we demonstrate that a significant fraction of c-kit-positive small cell lung cancers exhibited only weak and/or focal staining. These observations are similar to what has been documented in the literature. 10, 12, 13, 17 For example, Naeem et al 13 reported that 16 of 30 small cell lung cancers (53%) were immunohistochemically positive for c-kit expression, but in only four cases (13%) was the staining intensity equal to that in gastrointestinal stromal tumors. In the study by Burger et al, 17 14 out of 22 small cell lung cancers (64%) were demonstrated to be c-kit-positive, among which nine (41%) showed moderate to strong staining whereas the remaining five were weakly positive. It is our opinion that the cases with weak and/or focal staining should be better considered as negative or nonspecific, and that the designation of positive c-kit expression should be reserved only for those with staining extent and intensity comparable to gastrointestinal stromal tumors. This may explain, in part, why STI-571 is not as effective for small cell lung cancers as for gastrointestinal stromal tumors. 26 although lack of mutations at exon 11 of the c-kit gene in small cell lung cancers may be another explanation. 17 An interesting finding in this study is that the frequency of c-kit protein overexpression in cervical small cell carcinomas is significantly lower than that in their pulmonary counterparts. Although the exact underlying mechanisms remain to be investigated, we hypothesize that this difference may be related to different etiopathogenetic mechanisms involved in these two types of malignancies in spite of their identical morphology. It has been well established that small cell carcinomas of the uterine cervix, usually occurring in younger women around 40 years of age, [27] [28] [29] [30] [31] [39] [40] [41] is etiologically associated with high-risk types of human papillomavirus. [39] [40] [41] [42] [43] [44] [45] In contrast, small cell lung cancer is associated with cigarette smoking and usually occurs in older individuals. [46] [47] [48] In support of this hypothesis, the patients with small cell lung cancers included in this study are 25 years older, on an average, than those with cervical small cell carcinomas. In addition, all cervical small cell carcinomas in this study are found to harbor high-risk human papillomavirus DNA, with type 18 being most prevalent (HL Wang and DW Lu, unpublished observations). Furthermore, the molecular mechanisms by which the tumor suppressor genes p53 and Rb are deregulated also appear to be different in these two types of small cell carcinomas. In small cell lung cancers, deregulation occurs at the genetic level via gene mutations, [49] [50] [51] [52] whereas in cervical tumors, the tumor suppressor functions of these two genes are inactivated most likely at the protein level through interaction with the E6 and E7 oncoproteins of the papillomavirus. [53] [54] [55] [56] [57] Our observations that c-kit protein is overexpressed in only a small subset of small cell carcinomas (in both the cervix and the lung) suggest that this event is not an initiating step in tumor development as proposed for gastrointestinal stromal tumor. 4, 58 Rather, it may represent one of the molecular abnormalities accumulated during tumor progression. This may help explain why many small cell carcinomas do not show c-kit protein expression while others exhibit only focal, instead of diffuse, immunoreactivity.
